Play-fighting is common in many mammals, especially among juveniles/subadults, where it provides a safe opportunity to practice behaviours important to adulthood. To prevent escalation into a potentially dangerous real fight, play fighting is often accompanied by acoustic and/or visual appeasement behaviours. We studied aggressive and play-fight behaviours in bottlenose dolphins (Tursiops truncatus) at the Kolmården Dolphinarium. The results show that play-fighting dolphins emitted a characteristic sound, which was never observed in aggressive interactions. This was a short pulse burst followed by an FM whistle. The duration of the play-fighting pulse bursts (X±SD=149±64 msec, n=446) was significantly shorter (F=118.882, p<0.0001) than the aggressive pulse bursts (X±SD=433±618 msec, n=1085). The peak pulse repetition rate of the play-fighting pulse bursts (X±SD= 480±214 pps, n=446) was significantly higher (F=151.27, p<0.0001), than the aggressive pulse bursts (X±SD=297±241 pps, n=1085).
Introduction
In marine mammals, behaviours categorised as play have been observed in seals (Arnold & Trillmich, 1985; Renouf & Lawson, 1986; Wilson, 1974) , sea lions (Gentry, 1974) , killer whales (Guinet, 1991) and bottlenose dolphins (e.g., Bel'kovich et al., 1970; Delfour & Aulagnier, 1997; Essapian, 1953) . Play occurs both as solitary and social activities (McDonnell & Poulin, 2002) , and is regarded as an important component of the ontogeny. It is often defined as an activity with no other apparent function to the animals involved than a sense of pleasure, combined with elements of surprise (McDonnell & Poulin, 2002; Pace, 2000) . However, there is a wide range of indirect functions to play behaviour, which prepare young animals for the adult life. Aiding the process of growth and development by enhancing general muscular-skeletal and cardiovascular fitness (McDonnell & Poulin, 2002) , learning about the environment, practicing adult social activities and establishing social relationships and communication skills (Pace, 2000) are examples of such indirect functions.
Play-fighting is common in mammals and may train the young animal in predator-prey related skills as well as in how to deal with social relations (Pellis & Pellis, 1987) . It is usually distinguished from the adults' serious fighting by a more relaxed and often exaggerated behaviour pattern, often combined with specific visual and sometimes acoustic signals (McDonnell & Poulin, 2002) .
Most aggressive behaviours can be characterised as threat behaviours (Huntingford & Turner, 1988; Norris, 1967; Overstrom, 1983) , which make it possible to settle conflicts without actual fighting (deCarvalho et al., 2004; Jennings et al., 2004) . Only if the conflict cannot be resolved by these means, it may escalate into a potentially dangerous and in some species lethal fight (deCarvalho et al., 2004; Jennings et al., 2004) . Threat behaviours allow the adult animals to avoid physical confrontations, whereas play-fighting in subadults is characterized by such.
A way to control intra-specific fighting is especially important in social carnivores and many primates, who possess long and sharp canines and powerful jaws enabling them to kill prey and defend themselves against predators, but also to seriously injure each other.
To avoid the play-fight to escalate into serious fighting and to dare "opening up the guard" in play-fights, playmates need to continuously confirm their nonaggressive agreement (Pellis & Pellis, 1987; Pellis & Pellis, 1996) . In e.g., apes, having long sharp canines, specific visual and acoustic signals have been developed for this: the smiling facial expression in combination with a soft "laughing" in the chimpanzee (Goodall, 1986) and the "chuckle" in gorillas (Estes, 1991; Hoff et al., 1981; Maple & Hoff, 1982) .
Dolphins have a very sensitive skin and sharp teeth, and are also capable of inflicting severe injuries to each other (Connor & Smolker, 1996; McBride & Herb, 1948; McCowan & Reiss, 1995; Norris, 1967; Östman, 1991) . Contrary to, e.g., canids, felides and primates, they lack the ability to express fine-tuned emotions by means of facial expressions, erected fur, wagging tail, and elaborate body postures, which are used in threat signals used by these terrestrial mammals. On the other hand, they have a much richer repertoire of sounds (Bazúa-Durán, 2004; Caldwell & Caldwell, 1968; Coscia et al., 1991; Goodall, 1986; Harrington, 1987; Robbins, 2000; Tooze et al., 1990) . Hence, it would be reasonable to expect that if dolphins have developed a signal to control playfighting, it would be in the acoustical domain. We studied this behaviour in juveniles and subadults in a group of bottlenose dolphins (Tursiops truncatus) in human care and compared it to serious aggression between adults in the same group.
Material and Methods

Facility
Recordings were done in 1996 and between 2001 and 2002 at the Kolmården dolphinarium, Sweden. The pool complex contains two large public display pools, inter-connected via two channels and a holding pool system in between, and has a total water volume of 6400 m 3 , and a total water surface area of ca. 2000 m 2 . One of the display pools, the 900 m 2 , and 3-6 m deep "Lagoon", is fitted with large underwater transparent acrylic panels at two levels, which offer underwater viewing to the visitors. The other display pool has an 800 m 2 water surface area and 4 m deep show. The behaviour observations were conducted in these two pools.
Animals
The Kolmården dolphinarium housed 16 dolphins: one adult male, 2 subadult males (Lotus, 6 years old and Dino, 5 years old), 2 juvenile males (Max and Fenix, both 1 year old), 7 adult females, 2 subadult females (Daphne, 7 years old, and Ariel, 5 years old) and 2 juvenile females (Lyra, 2 years old, and Luna, 1 year old). All subadults and juveniles were born at the facility.
Data collection
Different recording set-ups were used in the two study periods: On-line observations in 2001-2002, supplemented with audio band DAT-recordings (<22 kHz) of the concurrent acoustic activity in the pool, and video recordings in 1996, with concurrent audio band recordings of aggressive interactions on the VCR's audio channel. On-line observations in 2001-2002--The on-line observations were done using a Toshiba laptop computer operating the computer software The Observer ® v. 3.0 (Noldus Information Technology, Wageningen, The Netherlands). This software is designed for ethological studies, where pre-defined computer keys or series of keystrokes are designated to represent different behaviours and subjects. The software provides a timestamp to each observation and facilitates the logging process as well as the following statistical analysis.
The concurrent acoustic activity within the audio band (<22 kHz) in the pool was picked up using a HS/70, 25 mm ball hydrophone (Sonar Research and Development, Ltd, Beverley, East Yorkshire, U.K.), and recorded on a Sony TCD-D8 DAT (Digital Audio Tape) recorder.
Video Recordings in 1996--Recordings done in 1996 by Blomqvist et al. (2004) , focused on the aggressive interactions between two adult females, separated in the display pool together with their calves from the rest of the group in an attempt to improve their nursing conditions. Sounds within the human audible range (50 Hz -20 kHz) were picked up by a 25 mm Sonar Products ball hydrophone (now Sonar Research and Development, Ltd, Beverley, East Yorkshire, U.K.), and recorded together with the video images of the concurrent visual behaviours on a VHS videocassette recorder (Panasonic NV-FS 1 HQ). From these recordings, 25 aggressive interactions were selected, based on the picture quality, i.e. short distance to the camera and clear water (for a detailed description see Blomqvist et al., 2004) . These interactions were analysed for duration and maximum pulse repetition rate (PRR) of aggressive pulse bursts.
Acoustic and statistical analysis
Measurement of sound duration and frequency analysis were done using spectrograms generated by the computer programmes SeaPro v1.1 (Centro Interdisciplinare di Bioacustica e Ricerche Ambientali, Università degli Studi, Pavia, Italy), Adobe Audition ® , v1.0 (Adobe Systems Incorporated, 345 Park, Avenue, San Jose, California, 95110-2704, USA) and SpectraPlus ® , prof. edition, v.3.0a (Pioneer Hill Software, Poulsbo, WA, USA., courtesy of Lee Miller, University of Southern Denmark, Odense, Denmark). The peak PRR was measured using the harmonic intervals in the spectrograms (Watkins, 1967) . Statistical analyses were performed using JMP Statistical computer software, v. 4.0.2 (SAS Institute Inc., Cary, NC, USA).
Results
On-line Observations in 2001-2002
A total of 296 hours of online observations were collected. They contained numerous situations interpreted as play-fights, all displayed by five of the eight juveniles/subadults, i.e. Daphne, Lotus, Dino, Ariel and Lyra. The remaining three calves, i.e. Max, Fenix and Luna, were never seen engaged in any such activities.
These play-fights were consistently accompanied by a characteristic acoustic signal, composed of a short pulse-burst followed by a FM whistle (Figure 1 ). This combination was never seen in any of the high intensity aggressive interactions, which frequently occurred between adults in both the 1996 and the 2001-2002 study. During these interactions, the recorded pulse bursts lacked any trailing whistles (see also Blomqvist et al., 2004; Blomqvist & Amundin, 2004a; Blomqvist & Amundin, 2004b) .
From the DAT recordings done concurrently with the 2001-2002 on-line observations, a selection of 446 pulse-burst-whistle combinations, all emitted during play-fights, was analysed. The pulse burst component had a mean duration of 149 msec (SD=64) and a mean peak PRR of 480 pps (SD=214). Cluster analysis revealed two main aggregations of peak PRR, with a mean value of 73 pps (SD=33, n=53) and 535 pps (SD=162, n=393), respectively. The upper cluster presented a mean duration of 149 msec (SD=65) and the lower cluster a mean duration of 147 msec (SD=57) (Figure 3) .
The trailing whistle components could be grouped into five different frequency contour categories, as based on spectrograms (Figure 2 and Table I ). These did not resemble any of the signature whistles of the interacting juveniles/subadults. The trailing whistles started either before or after the termination of the pulse burst (Figure 2 and Table I ). The whistle component had mean beginning and end frequencies of 13.0 kHz (SD=3.9 kHz) and 10.1 kHz (SD=3.4 kHz), respectively, and a minimum and maximum frequency of 7.0 kHz (SD=2.2 kHz) and 13.7 kHz (SD=3.8 kHz), respectively. The average whistle duration of the 446 pulse-burst-whistles was 410 msec (SD=129 msec) (see Table I ).
. Adult aggressive encounters In the 25 high intensity adult aggressive interactions, selected from the 1996 recordings, 1085 pulse bursts were available for analysis of duration and peak PRR (see Blomqvist et al., 2004) . Cluster analysis revealed two main aggregations of peak PRR, with a mean value of 172 pps (SD=102, n=793) and 635 pps (SD=174, n=292), respectively. The upper cluster has a mean duration of 352 msec (SD=306) and the lower cluster has a mean duration of 463 msec (SD=696) (Figure 3 ). A nonparametric bivariate density plot of the peak pulse repetition rate (pps) by pulse sound duration (msec) for the pulse sounds recorded during play fights (A) and for the pulse bursts produced during aggressive interactions (B). The Kernel standard deviation for the peak repetition rate and the pulse duration were in (A): 27.09 and 11.54, and in (B): 37.54 and 96.42, respectively.
B A
Comparing the two data sets
The duration of the play-fight pulse bursts was significantly shorter (F=93.8, p<0.0001) than that of the aggressive pulse bursts emitted during high intensity aggressive encounters between adults.
The play-fight pulse burst PRR was compared separately to each aggressive pulse burst PRR cluster. The mean PRR of the play-fight pulse bursts was significantly lower (F=58.65, p<0.0001) than that of aggressive pulse bursts in the upper cluster (aggressive pulse bursts: X±SD=634.6±174.4, n=292; playfight pulse bursts: X±SD=535.4±162.4, n=393). The mean PRR of the lower cluster of the play-fight pulse bursts was significantly lower (F=49.5, p<0.0001) than that of aggressive pulse bursts in the lower cluster (aggressive pulse bursts: X±SD=172.8±102.5, n=793; play fight pulse bursts: X±SD= 72.8±32.6, n=53).
Discussion
The results show that juvenile and subadult dolphins engaged in behaviours interpreted as play-fight emitted a characteristic sound, which was a combination of a short pulse burst and a trailing FM whistle. Although the pulse burst component was similar to pulse bursts recorded during high intensity aggressive interactions between adult dolphins, the combined pulse-burstwhistle signal was never recorded in connection with aggressive interactions between adults.
Whistles are produced significantly more often during affiliative activities (Caldwell & Caldwell, 1977; Herzing, 1996; Sayigh, 1992; Tyack, 1997) , whereas pulse bursts mainly occur during conflicts (Blomqvist & Amundin, 2004b; Brownlee & Norris, 1994; Overstrom, 1983; Östman, 1991) . Combining the more aggressive pulse burst with a whistle would be a logical way to "take the edge" of the potential threat conveyed by the pulse burst.
The play-fight "laugh" in chimpanzees (Goodall, 1986) and "chuckle" in gorillas (Estes, 1991; Hoff et al., 1981; Maple & Hoff, 1982) , have the same function to ensure that the play-fight does not turn into a real fight. It is merely an exaggerated panting, with a rather low sound intensity, only audible to the play mates and conspecifics at close distance. As diving animals, dolphins cannot use such an exaggerated panting as a play signal. Therefore, a different type of sound signal is to be expected. An important factor is also that the sound should be omni-directional, so it can be heard in all body orientations, in murky waters, and in the dark by the playmates as well as conspecifics in the vicinity. The observed pulse-burst-whistle combination fulfils this criterium. Although the precise source level could not be calculated with the present setup, the pulse burst whistle was quieter to the human ear than adult aggressive pulse bursts. This signal is so far only observed in the Kolmården dolphin colony. To confirm that it is characteristic for the species, further studies need be done on other groups of dolphins in human care and preferably also on free-ranging dolphins.
